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Abstract
This thesis addresses three problems related to image registration, prediction and track-
ing, applied to Angiography and Oncology. For image analysis, various probabilistic
models have been employed to characterize the image deformations, target motions and
state estimations.
(i) In Digital Subtraction Angiography (DSA), having a high quality visualization of
the blood motion in the vessels is essential both in diagnostic and interventional
applications. In order to reduce the inherent movement artifacts in DSA, non-rigid
image registration is used before subtracting the mask from the contrast image.
DSA image registration is a challenging problem, as it requires non-rigid matching
across spatially non-uniform control points, at high speed.
We model the problem of sub-pixel matching, as a labeling problem on a non-
uniform Markov Random Field (MRF). We use quad-trees in a novel way to gener-
ate the non-uniform grid structure and optimize the registration cost using graph-
cuts technique. The MRF formulation produces a smooth displacement field which
results in better artifact reduction than with the conventional approach of inde-
pendently registering the control points.
The above approach is further improved using two models. First, we introduce
the concept of pivotal and non-pivotal control points. ‘Pivotal control points’ are
nodes in the Markov network that are close to the edges in the mask image, while
’non-pivotal control points’ are identified in soft tissue regions. This model leads
to a novel MRF framework and energy formulation.
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vNext, we propose a Gaussian MRF model and solve the energy minimization prob-
lem for sub-pixel DSA registration using Random Walker (RW). An incremental
registration approach is developed using quad-tree based MRF structure and RW,
wherein the density of control points is hierarchically increased at each level M
depending of the features to be used and the required accuracy. A novel numbering
scheme of the control points allows us to reuse the computations done at level M
in M + 1. Both the models result in an accelerated performance without compro-
mising on the artifact reduction. We have also provided a CUDA based design of
the algorithm, and shown performance acceleration on a GPU. We have tested the
approach using 25 clinical data sets, and have presented the results of quantitative
analysis and clinical assessment.
(ii) In External Beam Radiation Therapy (EBRT), in order to monitor the intra frac-
tion motion of thoracic and abdominal tumors, the lung diaphragm apex can be
used as an internal marker. However, tracking the position of the apex from im-
age based observations is a challenging problem, as it undergoes both position
and shape variation. We propose a novel approach for tracking the ipsi-lateral
hemidiaphragm apex (IHDA) position on CBCT projection images. We model the
diaphragm state as a spatio-temporal MRF, and obtain the trace of the apex by
solving an energy minimization problem through graph-cuts. We have tested the
approach using 15 clinical data sets and found that this approach outperforms the
conventional full search method in terms of accuracy. We have provided a GPU
based heterogeneous implementation of the algorithm using CUDA to increase the
viability of the approach for clinical use.
(iii) In an adaptive radiotherapy system, irrespective of the methods used for target
observations there is an inherent latency in the beam control as they involve me-
chanical movement and processing delays. Hence predicting the target position
during ‘beam on target’ is essential to increase the control precision. We propose a
novel prediction model (called offset sine model) for the breathing pattern. We use
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IHDA positions (from CBCT images) as measurements and an Unscented Kalman
Filter (UKF) for state estimation. The results based on 15 clinical datasets show
that, offset sine model outperforms the state of the art LCM model in terms of
prediction accuracy.
